Background BDry mouth^syndrome (chronic hyposalivation) can be caused by a number of pathophysiological conditions such as acute and chronic stress exposure, abnormal body weight (both too high and too low ones), eating disorders (such as anorexia nervosa), metabolic syndrome(s), Sjögren's and Sicca syndromes, drugs and head/neck radiotherapy application. In turn, the chronic hyposalivation as a suboptimal health condition significantly reduces quality of life, may indicate a systemic dehydration, provokes and contributes to a number of pathologies such as a strongly compromised protection of the oral cavity, chronic infections and inflammatory processes, periodontitis, voice and digestive disorders. Consequently, Bdry mouth^syndrome might be extremely useful as an indicator for an in-depth diagnostics of both-co-existing and snowballing health-threating conditions. However, predictive diagnostics, targeted prevention and personalisation of treatments are evidently underdeveloped for individuals at high risk suffering from the Bdry mouth^syndrome. Working hypothesis and methodology In the current study, we have hypothesised that individuals demonstrating BFlammer syndrome^(FS) phenotype may suffer from the Bdry mouth^syndrome more frequently, due to disturbed microcirculation, psychological factors (obsessional personality/perfectionism), and diminished feeling of thirst with consequently insufficient daily liquid intake potentially resulting in the systemic dehydration with individually pronounced level of severity. If confirmed, FS phenotyping linked to the chronic hyposalivation might be predictive for individuals at risk identified by innovative screening programmes. To verify the working hypothesis, healthy individuals (negative control group) versus individuals with evident hyposalivation as well as patients diagnosed with periodontitis (positive control group) observed and treated at the dental clinic were investigated. The degree to which an individual is affected by hyposalivation was determined by the Bother xerostomia Index utilising a questionnaire of 10 issuespecific items and monitoring of a typically matt roof of the mouth in dental practice. An extent to which individuals included in the study are the carriers of the FS phenotype was estimated by the specialised 15-item questionnaire. Results and conclusions For both-the target group (hyposalivation) and positive control group (periodontitis)-FS phenotype was demonstrated to be more specific compared to the disease-free (negative control) group. Moreover, self-reports provided by interviewed adolescents of the target group frequently recorded remarkable discomfort related to Bdry mouth^syndrome, acute and chronic otorhinolaryngological infections and even delayed wound healing. Further, interviewed adolescents do worry about the symptoms which might be indicative for potential diseases; they are also amazed that too little attention is currently paid to the issue by caregivers. In conclusion, FS questionnaire linked to the Bdry mouth^syndrome is strongly recommended for application in primary healthcare. Consequently, targeted preventive measures can be triggered early in life. For example, traditional, complementary and alternative medicine demonstrates positive therapeutic effects in individuals suffering from xerostomia. For in-depth diagnostics, epi/ genetic regulations involved into pathophysiologic mechanisms of hyposalivation in FS-affected individuals should be thoroughly investigated at molecular level. Identified biomarker panels might be of great clinical utility for predictive diagnostics and patient stratification that, further, would sufficiently improve personalised care to the patient.
Introduction
Saliva is a life-important body fluid essential for an effective immune defence, antibacterial and antifungal function, buffering, remineralisation and lubrication of the oral cavity, tasting, swallowing and speaking, amongst others [1, 2] . Saliva consists of up to 99% of water molecules and about 1% of both organic and inorganic compounds; salivary molecular patterns analysed by saliva-omics is a valuable source of information for early and predictive diagnostics [3] . Salivary secretion is individually ranging between half of litter and litter of the fluid per day [4] . Hyposalivation-a reduced salivary flow also known as the Bdry mouth^syndrome and the most common etiologic factor in xerostomia [5] -can be caused by a number of patho/ physiological conditions such as acute and chronic stress exposure, abnormal body weight (both too high and too low ones), eating disorders (such as anorexia nervosa), metabolic syndrome(s), Sjögren's and Sicca syndromes, drugs and head/ neck-radiotherapy application [2, 4, [6] [7] [8] [9] [10] . Saliva secretion disorder may be manifested at any age. Hence, a strong correlation between disadvantageous and handicapped psychological health conditions (such as stress and anxiety) and development of abnormal saliva flow and its composition can be observed early in life as it has been demonstrated for bullied children [11] . In turn, the chronic hyposalivation as a suboptimal health condition reduces quality of life, may indicate a systemic dehydration, provokes and contributes to a number of pathologies such as a strongly compromised protection of the oral cavity, chronic infections and inflammatory processes, periodontitis, and voice and digestive disorders [2, 4, 10] . Consequently, chronic hyposalivation might be extremely useful as an indicator for an in-depth diagnostics of both-co-existing and snowballing health-threating conditions. An example: as recently published, Bdry eyes^and/or Bdry mouth^syndrome is more indicative for diagnostics of depression rather than Sjögren's syndrome itself [12] . In contrast, the factor of hyposalivation is rather neglected in currently applied screening programmes, though recently published articles clearly demonstrate that some phenotypes are strongly predisposed to a systemic dehydration with consequent snowballing healththreating effects such as an increased risk for compromised detoxification and breast cancer predisposition specifically in young subpopulations [13, 14] . Contextually, BFlammer syndrome^(FS) individuals demonstrate strongly reduced feeling of thirst that, if daily liquid intake is not permanently controlled by mind, might be potentially linked to a systemic dehydration [15] . Further, a strongly pronounced FS phenotype has been demonstrated for pre-menopausal breast cancer patients with particularly aggressive metastatic disease [16] .
All the above noted actualities have motivated this study estimating potential relationship between the FS phenotype and evidence-based hyposalivation-the Bdry mouth^syndrome.
Working hypothesis
The degree to which an individual is affected by hyposalivation or xerostomia (chronic hyposalivation, defined as the subjective sensation of the oral dryness) is ubiquitously determined by the Bother xerostomia Index utilising a questionnaire of 10 issue-specific items [17] .
An extent to which individuals included in the study are the carriers of the FS phenotype is estimated by a questionnaire of 15 items [4, 7] .
In the current study, we have hypothesised that individuals demonstrating FS phenotype may suffer from the Bdry mouthŝ yndrome more frequently, due to disturbed microcirculation, psychological factors (obsessional personality/perfectionism), and diminished feeling of thirst with consequently insufficient daily liquid intake potentially resulting in the systemic dehydration with individually pronounced level of severity. To verify the working hypothesis, healthy individuals (negative control group) versus individuals with evident hyposalivation as well as patients with periodontitis (positive control group) observed and treated at the dental clinic were interviewed according to the FS questionnaire. Statistically evaluated results are summarised and discussed below.
Materials and methods

Hyposalivation proof
Hyposalivation or xerostomia (chronic hyposalivation) was determined by the Bother xerostomia Index utilising a questionnaire of 10 issue-specific items [17] and monitoring of a typically matt roof of the mouth in dental practice (see Fig. 1 ).
BFlammer syndrome^: 15-item questionnaire
The BFlammer syndrome^(FS) phenotype became characterised earlier [15] . The FS questionnaire utilised in the actual study has been developed at the University Hospital Basel, Switzerland [18] . The actual version of the FS questionnaire has been effectively applied to study the FS symptomatic in different populations [19] as well as in a spectrum of potentially relevant pathologies such as eye diseases, specific breast cancer subtypes [14, 20] and aggressive metastatic disease [21] [22] [23] .
Study design
Altogether, 60 individuals recruited at the specialised medical centre (Department of Hospital Dentistry, Voronezh N.N. Burdenko State Medical University, Voronezh, Russia) were involved in this international study and equally distributed between three groups of comparison, namely the disease free group (20 individuals), the target group with hyposalivation (20 individuals) and the group of patients diseased on periodontitis (20 patients). Gender and menopausal status in female individuals were not considered as stratification criteria in the design of the current study; however, corresponding statistical evaluations have been performed (see BResults^).
Disease free individuals
The control group comprised staff members of the medical centre who regularly undergo full check-up of their health condition and who voluntarily participated in the current study. Individuals with no history of major pathologies were included into the (negative) control group of the current study.
Selection of individuals with hyposalivation
The target group comprised staff members and students of the Voronezh N.N. Burdenko State Medical University, who voluntarily participated in the current study. Based on the Fox's criteria, individuals who positively responded to at least one question numbered 1, 2, 3 or 4 (see Table 1 ) were classified as persons with hyposalivation [4] and considered for the target group of the study. The scoring according to the Bother xerostomia Index was performed [17] . Finally, individual monitoring of a matt roof of the mouth in the treating dental practice was documented (see Fig. 1 ).
Excluding criteria: Individuals with history of major pathologies such as oncologic diseases, neurodegenerative disorders, diabetes mellitus, acute and chronic infectious diseases, rheumatic and autoimmune diseases, as well as pregnant women and persons with alcohol and drug abuse.
Periodontitis patients
Since periodontitis is considered as one of the pathologies resulting from chronic and severe hyposalivation (xerostomia) [4, 9, 10] , patients observed and treated due to periodontitis at the Department of Hospital Dentistry, Voronezh N.N. Burdenko State Medical University in Voronezh were recruited to create a positive control group for the current study. No specific excluding criteria were applied to this group. Fig. 1 Visual estimation of the diagnosed xerostomia in dental practice. a Normally salivated roof of the mouth versus b strongly hyposalivated (matt) roof of the mouth; this methodology has been used additionally to the Bother xerostomia Index utilising a questionnaire of 10 issuespecific items described in the BMaterials and methods^section 
Results
Statistics for the age, gender and menopausal status in groups of comparison Table 2 presents statistics provided for the disease free (negative control) group and target group of individuals, who suffer from hyposalivation and patients with periodontitis (positive control group) with 20 participants per each group of comparison. The disease free group created the youngest group, the age mean (33.3 years old) of which was similar to that of the target group (37.2 years old). Substantially, older group was created by patients diagnosed with periodontitis (46.9 years old). Although the difference was found statistically non-significant, the absolute majority of participants were premenopausal women in each group of comparison. Table 3 specifies the portion of individual group members, who responded with Bno^versus Byes^/Bfrequently^and/or Bsometimes^/Brather^as well as the level of specificity of individual symptoms for groups of comparison providing corresponding level of significance for the group-specific differences. Noteworthy, all 15 items demonstrated highly significant differences between the groups of comparison (see Table 3 ).
FS prevalence in three groups of comparison
For the target group (hyposalivation), FS phenotype was demonstrated to be more specific compared to the disease free (negative control) group with the exception of two items, n a m e l y 11 s l i g h t l y l e s s , a n d 1 3 e q u a l t o t h e negative controls. Further, the most significant prevalence of the FS symptoms was demonstrated for altogether 10 items: 1, 2, 3, 4, 5, 6, 7, 8, 12 and 15.
For the periodontitis patients (positive control), similarly to the target group, FS phenotype was demonstrated to be more specific compared to the disease free group with the exception of only one item, namely 12 (average body weight of the majority). Further, the most significant prevalence of the FS symptoms was demonstrated for altogether 12 items: 2, 3, 4, 6, 7, 8, 9, 10, 11, 13, 14 and 15.
Comparing the target group with periodontitis patients, the FS symptoms of Bcold extremities^, Blow blood pressure^, Bsleep patterns^, Bmigraine with accompanying symptomsâ nd B(very) slim body shape^were found to be more specific for the target group, while Baltered sensitivity towards drugs^, Bpain^, Bstrong sense of smell^, Bmeticulous personality^, Btinnitus^and Bskin blotches under stress^were found to be more specific for periodontitis patients.
Hyposalivation-interview with selected individuals
Case 1
A 19-year-old female, studying medicine, generally healthy, has been interviewed towards FS symptoms. The interview resulted in 12 positive responses from the maximum of 15 (see the BMaterials and methods^section). The negative responses were given regarding the symptoms 5 (answered as Brather normal sleep onset^), 8 (absence of accompanying symptoms of migraine) and 9 (particularly strong reaction towards medication). Particularly noticeable responses were given towards the following symptoms:
-Symptom 1-frequently observed cold extremities -Symptom 2-feeling cold frequently -Symptom 3-evidently low blood pressure -Symptom 10-increased pain sensitivity -Symptom 11-strongly pronounced smell perception -Symptom 12-very slim body shape -Symptom 13-strongly pronounced tendency towards perfectionism -Symptom 14-frequent tinnitus -Symptom 15-evident skin blotches in stress situations.
Self-reported additional information:
-since early childhood, the patient suffers from acute and chronic otorhinolaryngologic infections: chronic tonsillitis is clinically manifested -records of cold extremities even during warm period of time, remarkably low blood pressure, feeling vertiginous, Bdry mouth^syndrome and related discomfort, impaired wound healing -the patient does not feel thirsty and drinks too little -excellent student with remarkably good notes at any educational level -the patients worries about achievements but also about symptoms which might potentially indicate a predisposition to diseases which, however, are not recognised by general practitioners.
Case 2
A 20-year-old male, studying medicine, generally healthy, was interviewed towards FS symptoms. The interview resulted in 11 positive responses from the maximum of 15 (see the BMaterials and methods^section). The negative responses were given regarding the symptoms 5 (answered as Brather normal sleep onset^), 8 (absence of accompanying symptoms of migraine), 9 (particularly strong reaction towards medication) and 10 (rather normal pain sensitivity). Particularly noticeable responses have been given towards the following symptoms:
-Symptom 1-frequently observed cold extremities -Symptom 2-feeling cold frequently -Symptom 11-strongly pronounced smell perception -Symptom 12-slim body shape -Symptom 13-strongly pronounced tendency towards perfectionism -Symptom 15-evident skin blotches in stress situations.
Self-reported additional information:
-since early childhood, the patient suffers from acute and chronic otorhinolaryngologic infections: chronic tonsillitis is clinically manifested -records of cold extremities even during warm period of time, feeling vertiginous, Bdry mouth^syn-drome and related discomfort, impaired wound healing -the patient does not feel thirsty and drinks too little 15 -excellent student with remarkably good notes at any educational level -the patient worries about achievements but also about above reported symptoms which might potentially indicate a predisposition to diseases which however, are not recognised by general practitioners.
Discussion
In 2018, Springer has selected around 250 articles across all areas with a potential to change the world, which have been awarded the title: Bgroundbreaking scientific findings that could help humanity and protect our planet^ [24] . Specifically, in the category BMedicine and Public Health^, 60 articles have been selected [25] , one of which published by the Nature Reviews Clinical Oncology clearly demonstrates the added value of patients' self-reports [26] . The paper emphasises the crucial role of the patient experience as Ba key measure of health-care quality^. Hearing the patient voice at greater volume, indeed, should be the leading principle of personalised healthcare. Contextually, early this year, EPMA J. has published a self-report of an individual with a strongly pronounced BFlammer syndrome^phenotype, who provided a lot of crucial information indicating a predisposition to several pathologies and caregivers' mistakes who ignored mild signs and symptoms appeared early in life of and self-reported by the patient [27] . Due to potential relevance of the FS phenotype monitored early in life, and a number of pathological conditions recorded later on for the person introduced in the above noted paper, current project has carefully analysed signs and symptoms reported for the adolescent period of life which, if not paid attention to, may potentially lead to severe complications and clinically manifested severe pathologies. Although, if ignored, the dental component is known to play a central role in transition between precondition and several clinically manifested pathologies [3] , evidently mild oral and dental symptoms in FS-affected individuals have not yet been taken into 
Normal-55% Do not feel thirsty/controlled drinking-60% Normal-0% Do not feel thirsty/controlled drinking-60% Normal-0% consideration as a potential early predictor. In the current paper, a hypothetical link between signs and symptoms generally known for individuals with the FS phenotype and a predisposition to the Bdry mouth^syndrome with potentially healththreatening consequences got thoroughly analysed. Collected data clearly demonstrate the relevance of the FS phenotype for both Bdry mouth^syndrome and manifested periodontitis. Moreover, while altogether 10 items of the FS symptoms were prevalent in the target group with hyposalivation of otherwise healthy individuals, the patients with manifested periodontitis demonstrated the prevalence of altogether 12 items typical for FS phenotype (see Fig. 2 , Table 3 ).
Most consolidated answers
The most consolidated answers in the groups of comparison are summarised in Table 3 . Seventy percent of individuals with hyposalivation frequently suffer from cold extremities and 65% of patients with periodontitis feel cold soon. One hundred percent of patients with periodontitis feel frequently vertiginous and 100% of individuals feel it at least sometimes. One hundred percent of individuals with hyposalivation have/ had earlier low blood pressure and 100% of them noted altered sleep patterns. Ninety percent of individuals with hyposalivation suffer from headache and almost all of them receive a migrainous attack with accompanying symptoms. One hundred percent of patients with periodontitis suffer from pain and tinnitus and all of them note altered drug sensitivity and skin blotches under stress conditions; all of them are perfectionists and recognise smell very strongly.
FS signs and symptoms in individuals with delayed and impaired healing process
Amongst all three groups of comparison, specifically in the target group (hyposalivation) and patients with periodontitis, we have identified a significant number of persons who reported delayed or even impaired healing on themselves (see self-reports for BCase 1^and BCase 2^provided above). This question was included additionally to the 15-item FS questionnaire. Due to a relatively low number of the identified persons, currently, we do not provide any statistical evaluation. However, our preliminary observations of individuals with self-reported delayed and impaired healing process indicate their highly pronounced FS phenotype. The most indicative prevalence of the FS symptoms is for altogether 12 items: 2, 4, 6, 7, 8, 9, 10, 11, 13, 14 and 15. Similarly to individuals with hyposalivation, individuals of this subgroup feel cold soon and vertiginous, they suffer from increased pain sensitivity and frequent headache/migraine with accompanying symptoms. The majority of them do not feel thirsty. All of them note altered drug sensitivity and very strong sense of smell. All of them estimate their attitude as being perfectionistic. Frequently, they suffer from tinnitus and observe skin blotches under stress conditions.
Concluding remarks and expert recommendations
Chronic hyposalivation-Bdry mouth^syndrome (xerostomia)-is a major risk factor for strongly compromised life quality and oral disorders such as dental erosion, caries and periodontal diseases, which, if neglected, may contribute to or even provoke a cascade of follow-up pathologies including systemic inflammatory process and cancer. Moreover, the prevalence of xerostomia in the general population is remarkably high, comprising up to 46% of female and up to 26% of male subpopulations [28] . Therefore, it is astonishing how little attention is paid by caregivers to this health condition, particularly in young populations, where targeted prevention is highly cost-effective. Specifically, predictive diagnostics is strongly underdeveloped for individuals with Bdry mouth^syndrome. To our best knowledge, the current paper is the very first one aiming at the precise phenotyping of the Bdry mouth^syndrome individuals. Knowing the phenotype with specific symptoms and signs is crucial for creating innovative screening programmes, effective patient stratification, predictive diagnosis and targeted prevention. In our study, we hypothesised the relevance of the BFlammer syndrome^phenotype for the prevalent manifestation of the Bdry mouth^syndrome based on the data published earlier [23, 27] . Indeed, on the one hand, primary vascular dysregulation, altered stress reactions, perfectionism, altered sense regulation (such as reduced feeling of thirst) and evident similarities to the Sjögren syndrome are characteristics for the BFlammer syndrome^individuals [23] . On the other hand, manifested Sjögren syndrome, chronic stress (e.g. due to obsessional personality), eating disorders (such as perpetual dieting and anorexia nervosa) and insufficient liquid intake-individually and/ or synergistically-have been demonstrated to reduce salivary flow and to alter the salivary composition [9, 10, 29] . Contextually, results of our current study clearly confirm the relevance of the FS phenotype for the manifestation of xerostomia and-against the control group-high prevalence of the specific FS symptoms in Bdry mouth^syndrome individuals and patients with periodontal disease as analysed above. Noteworthy, the pilot character of the study should be mentioned as a limitation considering a small number of participants included and involvement of only one medical centre which has recruited individuals and patients for the current study.
What are the next steps recommended?
FS questionnaire is strongly recommended for its application by general practitioners (family doctors) to select individuals at high risk; consequently, targeted preventive measures can be triggered early in life (e.g. teenager age). TCAM (traditional, complementary and alternative medicine) such as acupuncture (by releasing vasodilating neuropeptides and improving microcirculation, activating salivary glands, amongst others) [30, 31] and BQigong^exercise programme -both demonstrate positive therapeutic effects in individuals with hyposalivation and xerostomia [32] . For in-depth diagnostics, certainly a specific epi/genetic regulation involved into pathophysiologic mechanisms of hyposalivation in FS-affected individuals should be investigated at molecular level. Indeed, altered regulation of the hyposalivation-relevant pathways has been demonstrated for some pathologic conditions such as hypertension [33] . To this end, Bmulti-omics^might be the first choice for constructing advanced diagnostic tools specifically utilising liquid biopsies as became well justified by the most recent literature [3] . Further, an innovative Bmachine learning^approach should be considered for the multi-parametric analysis, development of the clinically relevant models and accurate patient stratification [34] . Corresponding biomarker panels might get selected for the patient stratification, predictive diagnostics and targeted prevention. Predictive services might be then offered considering several potential diagnoses: disorders of the oral cavity and digestive tract, voice disease, chronic inflammation such as tonsillitis mentioned in the above listed patient cases and cancer predisposition, amongst others. An individual level of the disease severity can be adequately estimated, once specific biomarker panels are ready for their routine application.
